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Novel Method and Compounds 



This invention relates to a novel method for the treatment of conditions assorted 
with a need for inhibition of glycogen synthase kinase-3 (GSK-3), especially diabetes, 
dementias, such as Alzheimer's disease, manic depression and cancer and certain novel 
inhibitors of GSK-3 used in such method. 

GSK-3 is a serine/threonine protein kinase having a 47kDa monomelic structure. 
It is one of several protein kinases which phosphorylates glycogen synthase (GS) (Embi 
etal Eur J Biochem. (107) 519-527 (1980)). Two isoforms are found in mammalian 
cells- a and B. Both isoforms phosphorylate muscle glycogen synthase (Cross et al 
Biochemical Journal (303) 21-26 (1994)) and these two isoforms show good homology 
between species (e.g. human and rabbit GSK-3a are 96% identical). 

Type 2 diabetes (or Non-Insulin Dependent Diabetes Mellitus, NIDDM) is a 
multifactorial disease. Hyperglycaemia is due to insulin resistance in the liver, muscle 
and other tissues coupled with inadequate or defective secretion of insulin from 
pancreatic islets. Skeletal muscle is the major site for insulin-stimulated glucose uptake 
and in this tissue, glucose removed from the circulation is either metabolised through 
glycolysis and the TCA cycle, or stored as glycogen. Muscle glycogen deposition plays 
The more important role in glucose homeostasis and Type 2 diabetic subjects have 
defective muscle glycogen storage. . 

The stimulation of glycogen synthesis by insulin in skeletal muscle results from 
the dephosphorylation and activation of glycogen synthase (MUn C and Lamer J. 
BiochL Biophys. Acta (39) 171-173 (1960), Parker * 
227-234 (1983), and Cohen P. Biochem. Soc. Trans. (21) 555-567 (1993)). The 
phosphorylation and dephosphorylation of GS are mediated by specific kinases and 
phosphatases. GSK-3 is responsible for phosphorylation and deactivation of GS, while 
glycogen bound protein phosphatase 1 (PP1G) dephosphorylates and activates GS. 
Insulin both inactivates GSK-3 and activates PP1G (Srivastava A K and Pandey S K 
Mol. and Cellular Biochem. (182) 135-141 (1998). 

Chen et al Diabetes (43) 1234-1241 (1994) found that there was no difference in 
the mRNA abundance of PP1G between patients with Type 2 diabetes and control 
patients, suggesting that an increase in GSK-3 activity might be important in Type 2 
diabetes. It has also recently been demonstrated that GSK-3 is overexposed in Type 2 
diabetic muscle and that an inverse correlation exists between skeletal muscle GSK-3a 
activity and insulin action (Nikoulina et al Glycogen Synthase Kinase-3 in Human 
Skeletal Muscle: Relationship To Insulin Resistance in Type 2 Diabetes Diabetes 
(47(D) 0028 Page A7 (1998) (Oral presentation)). Additionally, in CHO cells, 
expressing both insulin receptor and insulin receptor substrate 1 (IRS- 1), overexpression 
of GSK-3 resulted in an impairment of insulin action (Eldar-Finkelman and Krebs PNAS 
(94)9660-9664(1997)). 

GSK-3 has been shown to phosphorylate other proteins in vitro, e.g. Tau protein, 
which is hyperphosphorylated in Alzheimer's disease, and the eukaryotic initiation factor 
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eIF-2B at Serine 540 . GSK-3 is known to be inhibited by lithium (Stambolic V., Ruel 
L.and Woodgett J.R. Curr. Biol. 1996 6(12): 1664-8) and lithium reduces the 
phosphorylation of tau, enhances the binding of tau to microtubules, and promotes 
microtubule assembly through direct and reversible inhibition of glycogen synthase 
kinase-3 (Hong M., Chen D.C., Klein P.S. and Lee V.M. J.Biol. Chem. 1997 272(40) 
25326-32). WO 97/41854 (University of Pennsylvania) discloses that an effective drug 
for the treatment of manic depression is lithium, but that there are serious drawbacks 
associated with this treatment and the molecular mechanism underlying lithium's action 
for the treatment of manic depression has not been elucidated. 

We have now discovered that certain substituted aminomaleimides are 
p artic ularly pote nt and selective inhibitors of GSK-3. These compounds are therefore 
indicated to be useful for the treatment of conditions associated with a need for inhibition 
of GSK-3, such as diabetes, especially Type 2 diabetes, dementias, such as Alzheimer's 
disease, manic depression and cancer. Certain of these compounds are novel and such 
compounds comprise a further aspect of the invention. 

Accordingly, in a first aspect the present invention provides a method for the 
treatment of conditions associated with a need for inhibition of GSK-3, such as diabetes, 
especially Type 2 diabetes, dementias, such as Alzheimer's disease, manic depression and 
cancer, which method comprises the administration of a pharmaceutically effective, non- 
toxic amount of a compound of formula (I): 

R 
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(I) 

or a pharmaceutically acceptable derivative thereof, wherein: 

R is hydrogen, alkyl, aryl, or aralkyl; 

R 1 is hydrogen, alkyl, aralkyl or alkoxyalkyl; 

R is substituted or unsubstituted aryl or substituted or unsubstituted heterocyclyl; 
R 3 is hydrogen, alkyl, alkoxyalkyl, substituted or unsubstituted aryl, substituted or 
unsubstituted heterocyclyl or aralkyl wherein the aryl moiety is substituted or 
unsubstituted; or 

R 1 and R 3 together with the nitrogen to which they are attached form a single or fused, 
optionally substituted, saturated or unsaturated heterocylic ring, to a human or non- 
human mammal in need thereof. 

Suitably, R is hydrogen. 

Suitably, R 1 is hydrogen. 

Suitably, R is phenyl or naphthyl or substituted phenyl or substituted naphthyl, 
wherein substituents for the phenyl or naphthyl group are selected from up to three of Ci. 
6 alkyl, Ci^alkoxy, C^alkoxymethyl, halo, hydroxy, carboxy, cyano, nitro, Ci^alkylthio, 
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trifluoromethyl, trifluoromethyloxy, trifluoromethylthio, phenoxy, phenyl, benzyloxy and 
methylenedwxy.^^ ^ ^ ^ unsubs tituted or substituted with up to three of 

methyl, methoxy, chloro or nitro. 

Suitably, R 3 is phenyl either unsubstituted or substituted by up to three of C,. 
6 alkyl, phenyl, naphthyl, benzyl, d^alkoxy, phenyloxy, phenylthio, 
carboxyC^alkylthio carboxyphenylthio, benzyloxy, C^alkylthio, halo hydroxy, 
carboxy , cyano, nitro, acyl, hydroxymethyl, hydroxyethyl, trifluoromethyl, 
trifluoromethyloxy, trifluoromethylthio, trityl, carboxymethyl, cyanomethyl, carboxyQ. 
6 alkyloxy, C 2 -6 alkenyl, carboxyC 2 ^alkenyl, carbamoyl, 
carbamoylC^alkyl, C^alkycarbonylamino, C 1 ^alkylcarbonylalkylamino, 
C, ealkylaminosulphonylalkyl, mono- or bis-alkylphosphonateC^alkyl, morphohnyl, 
adamantyl, oxazolyl and methylenedioxy or any two adjacent substituents on the phenyl 
ring together with the carbon atoms to which they are attached form a 5 or 6 membered 
carbocyclic ring or a 5 or 6 membered heterocyclic ring. 

Favourably, R 3 is phenyl either unsubstituted or substituted with up to three of 
methyl, propyl, butyl, n-butoxy, phenoxy, thiomethyl, halo, hydroxy, benzyl, benzoyl, 
acetyl 2-carboxyethenyl or any two adjacent substituents on the phenyl ring together 
with the carbon atoms to which they are attached form a fused cyclopentyl nng or a fused 

thiazoly^nng ^ ^ ^ me nitrogen to which they are attached form a 

heterocylic ring, suitable rings include unsaturated rings having 5 to 8 ring atoms, such as 

imidazolyl. , , r 

When R 1 and R 3 together with the nitrogen to which they are attached form a 

heterocylic ring, suitable rings include saturated rings having 5 to 8 ring atoms, such as 

pyrrolidinyl, piperidinyl or azepinyl. , 3 

Suitable optional substituents for any heterocyclic ring represented by NR R 

includes up to three of alkyl, hydroxy, nitro, carbamoyl, 

hydroxy(C,^)alkyl or aryl(Ci_4)alkyl or any two adjacent substituents of the ring, 
together with the carbon atoms to which they are attached, form a benzene nng. 

There is a sub-group of compounds, falling wholly within formula (I), and being 
of formula (IA), wherein R, R 1 , R 2 and R 3 are as defined in relation to formula (I), with 

the proviso that formula (IA) does not include: 

3-indol-l-yl-4-(l-methyl-lH-indol-3-yl)-pyrrole-2,5-dione; 

l-(l-methyl-2,5-dioxo-4-phenylamino-2,5-dihydro-lH-pyn-ol-3-yl)pyridiniumcW 

l-[l-(4-methyl^^ 
H^decy^-^ 

3-[2-benzo[b]thien-2-yl-3-[4-(dimethylamino)-2,5-dihydro-2,5-dioxo-lH-pyiTol^ 

lH-indol-l-yl]-carbamimidothioic acid.propyl ester; 
3-(dimethylamino)-4-(lH-indol-3-yl)-l-methyl-lH-pyrrole-2,5-dione; 

3-(lH-indol-3-yl)-l-methyl-4-(phenylamino)-lH-pyrrole-2,5-dione; 
3-(lH-indol-3-yl)-l-methyl-4-t[4-(trifluoromethyl)phenyl]amino]-lH-pyrrole-2,5-dione; 

3-(lH-indol-3-yl)-l-methyl-4-(methylamino)-lH-pyrrole-2,5-dione; 




3-(lH-imidazo[4,5-b]pyridin-l-yl)-4-(lH-indol-3-y])-l-methyl-lH-pyrTole-2,5-dione; 
3-(6-chloro-9H-purin-9-yl)-4-( 1 H-indol-3-yl)- 1 -methyl- 1 H-pyrrole-2,5-dione; 
3-(6-amino-9H-purin-9-yl)-4-( 1 H-indol-3-yl)- 1 -methyl- 1 H-pyrrole-2,5-dione; 
3-( 1 H-indol-3-yl)- 1 -methyl-4-( 1 H-pyirolo[2,3-b]pyridin- 1 -yl)- 1 H-pyrrole-2,5-dione; 
3-( 1 H-indol-3-yl)- 1 -methyl-4-( 1 -piperidinyl)- 1 H-pyrrole-2,5-dione; 

3-[4-(diphenylmethyl)-l-piperazinyl]-4-(lH-indol-3-yl)-l-methyl-lH-pyrrole-2,5-dione; 
1 -acetyl-3-[2,5-dihydro- 1 -methyl-2,5-dioxo-4-[[4-(trifluoromethyl)phenyl]amino]- 1 H- ' 
pyrrol-3-yl]- lH-indole; 

3-( 1 H-benzimidazol- 1 -yl)-4-( 1 H-indol-3-yl)- 1 -methyl- 1 H-pyrrole-2,5-dione; 
3-( 1 H-benzotriazol- 1 -yl)-4-( 1 H-indol-3-yl)- 1 -methyl- 1 H-pyrrole-2,5-dione; ' 
- - - 3 -^i^azol^^ 

3-(lH-indol-l-yl)-4-(lH-indol-3-yl)-l-me^ 

3-( 1 H-indazol- 1 -yl)-4-( 1 H-indol-3-yl)- 1 -methyl- 1 H-pyrrole-2,5-dione; 
3-[3-[(dimethylamino)methyl]- 1 H-indol- 1 -y]]-4-( 1 H-indol-3-yl)- 1 -methyl- lH-pyrrole- 
2,5-dione; 

3-( 1 H-indol- 1 -yl)-4-( 1 -methyl- 1 H-indol-3-yl)- 1 H-pyrrole-2,5-dione; 
3-(lH-benzimidazol-l-yl)-4-(lH-indol-3-yl)- lH-pyrrole-2,5-dione; and 
3-(lH-indol-l-yl)-4-(l-methyl-lH-indol-3-yl)- lH-pyiTole-2,5-dione. 

There is a further sub-group of compounds, falling wholly within formula (I), and 
being of formula (IB), wherein R, R 1 , R 2 and R 3 are as defined in relation to formula'(I), 
with the proviso that formula (IB) does not include: 
3-phenylamino-4-phenyl- 1 H-pyrrole-2,5-dione; 
3-phenyl-4-piperidin-l-yl-pyrrole-2,5-dione; 
3-(4-methylpiperazin-l-yl)-4-phenyl-pyrrole-2,5-dione; 
3-(4-ethylpiperazin-l-yl)-4-phenyl-pyrrole-2,5-dione; 
3-(4-chlorophenyl)-4-(4-methyl-piperazin-l-yl)-pyrrole-2,5-dione; 

3-(3,5-dimethyl-l-phenyl-lH-pyrazol-4-yl)-4-morpholin-4-yl-pyrrole-2,5-dione; 
3-indol- 1 -yl-4-( 1 -methyl- 1 H-indol-3-yl)-pyrrole-2,5-dione; 

l,3-dimethyl-4-methylaminopyrrole-2,5-dione; 

1 -( 1 -methyl-2,5-dioxo-4-phenylamino-2,5-dihydro- 1 H-pyrrol-3-yl)-pyridinium chloride; 

1 - 1 -(4-methyl-pentyl)-2,5-dioxo-4-phenylamino-2,5-dihydro- 1 H-pyrrol-3-yl)-pyridinium 
chloride; 

1 -( 1 -dodecyl-2,5-dioxo-4-phenylamino-2,5-dihydro- 1 H-pyrrol-3-yl)-pyridinium chloride; 
3- [2,5-dihydro-4-( 1 H-imidazol- 1 -yl)- 1 -methyl-2,5-dioxo- 1 H-pyrrol-3-yl]- lH-indole- 1 - 
carboxylic acid, 1 , 1 -dimethylethyl ester; 

3-[2-benzo[b]thien-2-yl-3-[4-(dimethy]amino)-2,5-dihydro-2,5-dioxo-lH-pyrrol-3-yl]- 
1 H-indol- l-y]]-carbamimidothioic acid,propyl ester; 

3-(dimethylamino)-4-(l H-indol-3-yl)- 1 -methyl- lH-pyrrole-2,5-dione; 

3-(lH-indol-3-yl)-l-methyl-4-(phenylamino)-lH-pyrrole-2,5-dione; 

3-(lH-indol-3-yl)-l-methyl-4-[[4-(trifluoromethyl)phenyl]amino]-lH-pyrrole-2,5-dione; 
3-(lH-indol-3-yl)-l-methyl-4-(methylamino)-lH-pyrrole-2,5-dione; 

3-(lH-imidazo[4,5-b]pyridin-l-yl)-4-(lH-indol-3-yl)-l-methyl-lH-pyrrole-2,5-dione- 
3-(6-chloro-9H-purin-9-yl)-4-(lH-indol-3-yl)-l-methyl-lH-pyrrole-2,5-dione; 
3-(6-amino-9H-purin-9-yl)-4-( 1 H-indol-3-yl)- 1 -methyl- 1 H-pyrrole-2,5-dione' 
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3-( 1 H-indol-3-yl)- 1 -methyl-4-( 1 H-pyrrolo[2,3-b]pyridin- 1 -yl)- 1 H-pyrrole-2,5-dione; 

3-( lH-indol-3-yl)- 1 -methyl-4-( 1 -piperidinyl)-lH-pyrrole-2,5-dione; 

3-[4-(dipheny lmethyl)- 1 -piperazinyl]-4-( 1 H-indol-3-yl)- 1 -methyl- 1 H-pyrrole-2,5-dione; 

l-acetyl-3-[2,5-dihydro-l-methyl-2,5-dioxo-4-[[4-(trifluoromethyl)phenyl]amino]-lH- 

pyrrol-3-yl]- lH-indole; 

3-( 1 H-benzimidazol- 1 -yl)-4-( 1 H-indol-3-yl)- 1 -methyl- 1 H-pyrrole-2,5-dione; 

3-( 1 H-benzotriazol- 1 -yl)-4-( 1 H-indol-3-yl)- 1 -methyl- lH-pyrrole-2,5-dione; 

3-( 1 H-imidazol- 1 -yl)-4-( 1 H-indol-3-yl)- 1 -methyl- 1 H-pyrrole-2,5-dione 

3-( 1 H-indol- 1 -yl)-4-( 1 H-indol-3-yl)- 1 -methyl- 1 H-pyrrole-2,5-dione 

3-( 1 H-indazol- 1 -yl)-4-( 1 H-indol-3-yl)- 1 -methyl- 1 H-pyrrole-2,5-dione; 

3-[3- [(dimethylamino)methyl]- lH-indol- 1 -yl]-4-( 1 H-indol-3-yl)- 1 -methyl- 1 H-pyrrole- 

2i5-dione; " 

3-( 1 H-indol- 1 -yl)-4-( 1 -methyl- lH-indol-3-yl)- 1 H-pyrrole-2,5-dione; 

3-( 1 H-benzimidazol- 1 -yl)-4-( 1 H-indol-3-yl)- 1 H-pyrrole-2,5-dione; 

3-( 1 H-indol- 1 -yl)-4-( 1 -methyl- lH-indol-3-yl)- 1 H-pyrrole-2,5-dione; 

3,3 -iminobis[l-methyl-4-(4-methylphenyl)- lH-pyrrole-2,5-dione; 

l-[4-(2,3-dihydro-l,3-dioxo-lH-inden-2-yl)-2,5-dihydro-2,5-dioxo-lH-pyrrol-3- 

yl]pyridinium internal salt; 

l-[4-(2,3-dihydro-l,3-dioxo-lH-inden-2-yl)-2,5-dihydro-l-methyl-2,5-dioxo-lH-pyrrol- 
3-yl]pyridinium internal salt; and 

3-(3 ,5-dimethyl- 1 -phenyl- 1 H-pyrazol-4-yl)-4-(4-morpholinyl)- 1 H-pyrrole-2,5-dione. 

It is considered that the compounds of formula (IB) are novel. Accordingly , the 
present invention also provides a compound of the above defined formula (IB) or a 
derivative thereof. 

Certain of the compounds of formula (I) may contain at least one chiral 
carbon, and hence they may exist in one or more stereoisomeric forms. The present 
invention encompasses all of the isomeric forms of the compounds of formula (I) whether 
as individual isomers or as mixtures of isomers, including racemates. 

Alkyl groups referred to herein, including those forming part of other groups, 
include straight or branched chain alkyl groups containing up to six carbon atoms, said 
carbon atoms being optionally substituted with up to five, suitably up to three, groups 
selected from the list consisting of aryl, heterocyclyl, alkylthio, alkenylthio, alkynylthio, 
arylthio, heterocyclylthio, alkoxy, arylalkoxy, arylalkylthio, amino, mono- or di- 
alkylamino, cycloalkyl, cycloalkenyl, carboxy and esters thereof, hydroxy, and halogen. 

Alkenyl and alkynyl groups referred to herein include straight and branched chain 
alkenyl groups containing from two to six carbon atoms, said carbon atoms being 
optionally substituted with up to five, suitably up to three, groups including those 
substituents described hereinbefore for the alkyl group. 

Cycloalkyl and cycloalkenyl groups referred to herein include groups having 
between three and eight ring carbon atoms, which carbon atoms are optionally 
substituted with up to five, suitably up to three, groups including those substituents 
described hereinbefore for the alkyl group. 

When used herein the term "aryl" includes phenyl and biphenyl groups, for 
example naphthyl, especially phenyl. 

5 
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Suitably optional substituents for any aryl group include up to three substituents 
selected from the list consisting of halo, alkyl, alkenyl, substituted alkenyl, arylalkyl, 
alkoxy, alkoxyalkyl, haloalkyl, haloalkyloxy, hydroxy, hydroxyalkyl, nitro, amino, 
cyano, cyanoalkyl , mono- and di-N-alkylamino, acyl, acylamino, N-alkylacylamino, 
acyloxy, carboxy, carboxyalkyl, carboxyalkylcarbonyl, carboxyalkenyl, ketoalkylester, 
carbamoyl, carbamoylalkyl, mono- and di-N-alkylcarbamoyl, alkoxycarbonyl, 
alkoxycarbonylalkyl, aryloxy, arylthio, aralkyloxy, aryloxycarbonyl, ureido, guanidino, 
moipholino, adamantyl, oxazolyl, aminosulphonyl, alkylaminosulphonyl, alkylthio, 
haloalkylthio, alkylsulphinyl, alkylsulphonyl, cycloalkyl, heterocyclyl, heterocyclylalkyl, 
trityl, substituted trityl, mono- or bis-alkylphosphonate or mono- or bis- 
-alkylphosphQnate„Ci. fi alkyl or an y two ad j acent substituents on the phenyl ringjogether 
with the carbon atoms to which they are attached form a carbocyclic ring or a 
heterocyclic ring. 

When used herein the terms "heterocyclyl" and "heterocyclic" suitably include, 
unless otherwise defined, aromatic and non-aromatic, single and fused, rings suitably 
containing up to four heteroatoms in each ring, each of which is selected from oxygen, 
nitrogen and sulphur, which rings, may be unsubstituted or substituted by, for example, 
up to three substituents. Each ring suitably has from 4 to 7, preferably 5 or 6, ring atoms. 
A fused heterocyclic ring system may include carbocyclic rings and need include only 
one heterocyclic ring. 

Substituents for any heterocyclyl or heterocyclic group are suitably 
selected from halogen, alkyl, arylalkyl, alkoxy, alkoxyalkyl, haloalkyl, hydroxy, amino, 
mono- and di-N-alkyl-amino, acylamino, carboxy salts, carboxy esters, carbamoyl, mono- 
and di-N-alkylcarbonyl, aryloxycarbonyl, alkoxycarbonylalkyl, aryl, oxy groups, ureido, 
guanidino, sulphonylamino, aminosulphonyl, alkylthio, alkylsulphinyl, alkylsulphonyl, 
heterocyclyl and heterocyclylalkyl. 

When used herein Mo' includes iodo, bromo, chloro or fluoro, especially chloro 
or fluoro. 

Suitable derivatives of the compounds of the invention are pharmaceutically 
acceptable derivatives. 

Suitable derivatives of the compounds of the invention include salts and solvates. 

Suitable pharmaceutically acceptable derivatives include pharmaceutically 
acceptable salts and pharmaceutically acceptable solvates. 

Suitable pharmaceutically acceptable salts include metal salts, such as for 
example aluminium, alkali metal salts such as lithium, sodium or potassium, alkaline 
earth metal salts such as calcium or magnesium and ammonium or substituted ammonium 
salts, for example those with lower alkylamines such as triethylamine, hydroxy 
alkylamines such as 2-hydroxyethylamine, bis-(2-hydroxyethyl)-amine or 
tri-(2-hydroxyethyl)-amine, cycloalkylamines such as bicyclohexylamine, or with 
procaine, dibenzylpiperidine, N-benzyl-b-phenethylamine, dehydroabietylamine, 
N,N -bisdehydroabietylamine, glucamine, N-methylglucamine or bases of the pyridine 
type such as pyridine, collidine, quinine or quinoline. 
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Suitable pharmaceutically acceptable salts also includes pharmaceutical^ 
acceptable acid addition salts, such as those provided by pharmaceutically acceptable 
inorganic acids or organic acids. 

Suitable pharmaceutically acceptable acid addition salts provided by 
pharmaceutically acceptable inorganic acids includes the sulphate, nitrate, phosphate, 
borate, hydrochloride and hydrobromide and hydroiodide. 

Suitable pharmaceutically acceptable acid addition salts provided by 
pharmaceutically acceptable organic acids includes the acetate, tartrate, maleate, 
fumarate, malonate, citrate, succinate, lactate, oxalate, benzoate, ascorbate, 
methanesulphonate, a-keto glutarate and a-glycerophosphate. 

Suitable pharmaceutically acceptable solvates include hydrates. 
-For-the-avoidance-of-doubt-when-usedherein-the4erm^treatmentof-diabetes- 



includes treatment of diabetes mellitus, especially Type 2 diabetes, and conditions 
associated with diabetes mellitus. 

The term 'conditions associated with diabetes' includes those conditions associated 
with the pre-diabetic state, conditions associated with diabetes mellitus itself and 
complications associated with diabetes mellitus. 

The term 'conditions associated with the pre-diabetic state' includes conditions 
such as insulin resistance, impaired glucose tolerance and hyperinsulinaemia. 

The term 'conditions associated with diabetes mellitus itself include 
hyperglycaemia, insulin resistance and obesity. Further conditions associated with 
diabetes mellitus itself include hypertension and cardiovascular disease, especially 
atherosclerosis and conditions associated with insulin resistance. Conditions associated 
with insulin resistance include polycystic ovarian syndrome and steroid induced insulin 
resistance. 

The term 'complications associated with diabetes mellitus' includes renal disease, 
especially renal disease associated with Type U diabetes, neuropathy and retinopathy. 
Renal diseases associated with Type II diabetes include nephropathy, glomerulonephritis, 
glomerular sclerosis, nephrotic syndrome, hypertensive nephrosclerosis and end stage 
renal disease. 

A further aspect of the invention provides a process for the preparation of a 
compound of the invention, which process comprises reaction of a compound of formula 
(H): 

R 




(H) 

wherein R and R 2 are as defined in formula (I) and L is a leaving group, with a compound 
of formula (III): 

V, 7 

R 




wherein R 1 and R 3 are as defined in formula (I); and thereafter, if required, carrying out 
one or more of the following optional steps: 

(i) converting a compound of formula (I) to a further compound of formula (I); 

(ii) removing any necessary protecting group; 

(iii) preparing an appropriate derivative of the compound so formed. 
Examples of suitable leaving groups, L, are chloro and hydroxy. 

The reaction between the compounds of formulae (II) and (DI) is carried out in 
any suitable solvent, for example l-methyl-2-pyrrolidinone or methanol, under 
conventional amination conditions at any temperature providing a suitable rate of 
formation o f the required product, generally an elevated temperature, over a suitable 
reaction time. — 

Suitable reaction temperatures include those in the range of 60°C to 220°C and, as 
appropriate, the reflux temperature of the solvent. Temperatures at the upper end of this 
range are preferentially employed when the compound of formula (EQ) is a weak 
nucleophile. Conventional methods of heating also include the use of microwave heating 
devices, for example a microwave reactor, such as a 100 watt reactor. 

The reaction products are isolated using conventional methods. Typically, the 
reaction mixture is cooled, the residue acidified and the products extracted using solvent 
extraction, suitably using an organic solvent. 

The reaction products are purified by conventional methods, such as 
chromatography and trituration. 

Crystalline product may be obtained by standard methods. 

In a preferred aspect, a solution of the compound of formula (II) and a compound 
of formula (III) in methanol is heated to reflux from between 1 to 4 days, then cooled and 
concentrated. The residue is then acidified with hydrochloric acid, and extracted with 
ethyl acetate. The organic extracts are then washed with water, brine, dried with 
anhydrous magnesium sulphate, and the solvent is removed. The product is then purified 
by standard methods such as trituration or chromatography, on silica gel, to afford the 
desired compound. 

The above mentioned conversion of a compound of formula (I) into another 
compound formula (I) includes any conversion which may be effected using conventional 
procedures, but in particular the said conversions include any combination of: 

(i) converting one group R into another group R; 

(ii) converting one group Rjq into another group Rjq; and 

(iii) converting one group Rj j into another group Rj j. 

The above mentioned conversions (i) to (iii) may be carried out using any 
appropriate method under conditions determined by the particular groups chosen: Thus, 
suitable conversions of one group R into another group R, as in conversion (i), include: 

(a) converting a group R which represents hydrogen into a group R which 
represents an alkyl or arylalkyl group; such conversion may be carried out using an 
appropriate conventional alkylation procedure, for example treating an appropriately 
protected compound of formula (I) with an alkylating agent; and 
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(b) converting a group R which represents an alkyl group into a group R where R 
represents hydrogen; such conversion may be carried out using an appropriate 
dealkylation procedure, for example treating an appropriately protected compound of 
formula (I) with aqueous base followed by ammonium hydroxide. 

Suitable conversions of one group Rio into another group Rio, as in conversion 
(ii), include: 

(a) converting a group Rio which represents nitro into a group Rio which 
represents amino, such conversion may be carried out using a conventional reduction 
procedure, for example hydrogenating an appropriately protected compound of formula 

^' (b) converting a group Rio which represents nitro into a group Rio which 

represents-aGetylamino, such conversion may be carried out-using an appropriate 

conventional reductive acylation procedure, for example hydrogenating an appropriately 
protected compound of formula (I) followed by acylation of the resultant amino group 
with an acylating agent; 

(c) converting a group Rio which represents amino into a group Rio which 
represents substituted aminocarbonyl, such conversion may be carried out using an 
appropriate conventional amidation procedure, for example treating an appropriately 
protected compound of formula (I) with an appropriately substituted isocyanate; 

(d) converting a group Rio which represents amino into a group Rio which 
represents acylamino, such conversion may be carried out using an appropriate 
conventional acylation procedure, for example treating an appropriately protected 
compound of formula (I) with an acylating agent; and 

(e) converting a group Rio which represents iodo into a group Rio which 
represents alkoxycarbonyl, such conversion may be carried out using an appropriate 
procedure, for example treating an appropriately protected compound of formula (I) with 
carbon monoxide and methanol in the presence of a palladium (0) complex. 

Suitable conversions of one group Ri i into another group Rn, as in conversion 
(iii), include: 

(a) converting a group Ri i which represents a t-BOC-protected amino group into 
a group Ri i which represents amino, such conversion may be carried out using an 
appropriate conventional deprotection procedure, for example deprotecting a t-BOC- 
protected compound of formula (I) with trifluoroacetic acid; 

(b) converting a group Ri i which represents a carboxylic acid group into a group 
Rl i which represents an amide group, such conversion may be carried out using an 
appropriate conventional procedure, for example treating an appropriately protected 
compound of formula (I) with an amine in the presence of a suitable activating agent such 
as l-(3-dimethylaminopropyl)-3-ethylcarbodiimide; and 

(c) converting a group Ri i which represents alkoxy into a group Ri i which 
represents amino, such conversion may be carried out using an appropriate conventional 
procedure, for example treating an appropriately protected compound of formula (I) with 
methanolic ammonia solution followed by aqueous ammonia. 

The above mentioned conversions may as appropriate be carried out on any of the 
intermediate compounds mentioned herein. 

9 




Suitable protecting groups in any of the above mentioned reactions are those used 
conventionally in the art The methods of formation and removal of such protecting 
groups are those conventional methods appropriate to the molecule being protected. Thus 
for example a benzyloxy group may be prepared by treatment of the appropriate 
compound with a benzyl halide, such as benzyl bromide, and thereafter, if required, the 
benzyl group may be conveniently removed using catalytic hydrogenation or a mild ether 
cleavage reagent such as trimethylsilyl iodide or boron tribromide. 

Where appropriate individual isomeric forms of the compounds of formula (I) 
may be prepared as individual isomers using conventional chemical procedures. 

The absolute stereochemistry of compounds may be determined using 
conventional methods, such as X-ray crystallography. 

The derivatives of the compounds of formula (^including salts and/ofsolvates; 
may be prepared and isolated according to conventional procedures. 

The compounds of formula (II) are known compounds or they may be prepared 
using methods analogous to those used to prepare such compounds such as those 
described in International Patent Application, Publication Number WO97/34890 and 
Wiley, R.H. and Slaymaker, S.C. J. Am. Chem. Soc. (80) 1385 (1958). The compounds 
of formula (II) may be inter-converted in an analogous manner to the above mentioned 
inter-conversions of the compounds of formula (I). 

The compounds of formula (HI) are known commercially available compounds 
or they may be prepared using methods analogous to those used to prepare known 
compounds, for example those disclosed in standard reference texts of synthetic 
methodology such as J. March, Advanced Organic Chemistry, 3rd Edition (1985), Wiley 
Interscience. 

As stated above, the compounds of formula (I), or pharmaceutically acceptable 
derivatives thereof, are indicated to be useful as inhibitors of glycogen synthase kinase-3. 

Thus the present invention further provides a compound of formula (I), or a 
pharmaceutical^ acceptable derivative thereof, for use as an inhibitor of glycogen 
synthase kinase-3, and especially for use in the treatment of conditions associated with a 
need for the inhibition of glycogen synthase kinase-3, such as diabetes, especially Type 2 
diabetes, dementias, such as Alzheimer's disease, manic depression and cancer. 

The present invention also provides the use of a compound of formula (I), or a 
pharmaceutically acceptable derivative thereof, for the manufacture of a medicament for 
the treatment of conditions associated with a need for the inhibition of glycogen synthase 
kinase-3, such as diabetes, especially Type 2 diabetes, dementias, such as Alzheimer's 
disease, manic depression and cancer. 

As indicated above, formula (I) comprises a sub-group of compounds of formula 
(IA). In a further aspect of this invention, there is provided a compound of formula (IA), 
or a pharmaceutically acceptable derivative thereof, for use as an active therapeutic 
substance. 

Accordingly, the invention also provides a pharmaceutical composition which 
comprises a compound of formula (IA), or a pharmaceutically acceptable derivative 
thereof, and a pharmaceutically acceptable carrier. 
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Preferably, the compounds of formula (I), or pharmaceutical^ acceptable 
derivatives thereof are administered as pharmaceutical^ acceptable conapositioM. 

The compounds of formula (I), or a pharmaceutical* acceptable derivative 
thereof, are usually administered as the sole medicament agent but they may be 
adZi tered in combination with other medicament agents as Stated by the seventy and 
yP To disease being treated. For example in the treatment of ^^^f^J^J 
diabetes a compound of formula (I), or a pharmaceutical* acceptable derivative thereof, 
m y be u-d in combination with other medicament agents, especially antidiabetic agents 
such as insulin secretagogues, especially sulfonylureas, insulin sensiUsers, -pec^ly 
glitazone insulin sensitisers (for example thiazolidinediones), or with biguanides or alpha 
gluc'sidase inhibitors or the compound of formula (I), or a pharmaceutical* acceptable 

derivative thereof^may^-adrmnistered-in eombination w-^ TTf™™^ 

The said combination comprises co-administration of a compound of formula (I), 
or a pharmaceutical acceptable derivative thereof, and an additional medicament agent 
or the sequential administration of a compound of formula (I), or a pharmaceutical* 
acceptable derivative thereof, and the additional medicament agent. 

Co-administration includes administration of a pharmaceutical composition winch 
contains both a compound of formula (I), or a pharmaceutical* acceptable denvauve 
thereof, and the additional medicament agent or the essentially ™™ lt ™™™ 
admini tration of separate pharmaceutical compositions of a compound of formula (I) or 
T^lZticMy acceptable derivative thereof, and the additional medicament agent. 

P The compositions of the invention are preferably adapted for oral administration. 
However they may be adapted for other modes of administration. 

The compositions may be in the form of tablets, capsules, powders, granules 
lozenges, suppositories, reconstitutable powders, or liquid preparations, such as oral or 
sterile parenteral solutions or suspensions. 

b order to obtain consistency of administration it is preferred that a composition of the 

invention is in the form of a unit dose. ^^-nv 
Preferably the composition are in unit dosage form. A unit dose will generally 

contain from 0.1 to 1000 mg of the active compound. . .„ 

Generally an effective administered amount of a compound of the invention will 
depend on the relative efficacy of the compound chosen, the severity of the disorder 
big treated and the weight of the sufferer. However, active compounds will typical* 
be administered once or more times a day for example 2, 3 or 4 times daily, with typical 
total daily doses in the range of from 0.1 to 800 mg/kg/day. 

Suitable dose forms for oral administration may be tablets and capsules and may 
contain conventional excipients such as binding agents, for example syrup, ™™> 
gelatin, sorbitol, tragacanth, or polyvinylpyrrolidone; fillers for example lactos suga,, 
Lize- tarch, calcium phosphate, sorbitol or glycine; tabletting lubricants, for example 
magnesium stearate; disintegrants, for example starch, polyvinylpyrrolidone sodium 
3 ^collate or microcrystalline cellulose; or pharmaceutical* acceptable wetting 
agents such as sodium lauryl sulphate. 

The solid oral compositions may be prepared by conventional methods of 
blending, filling or tabletting. Repeated blending operations may be used to distribute the 
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active agent throughout those compositions employing large quantities of fillers. Such 
operations are of course conventional in the art. The tablets may be coated according to 
methods well known in normal pharmaceutical practice, in particular with an enteric 
coating. 

Oral liquid preparations may be in the form of, for example, emulsions, syrups, or 
elixirs, or may be presented as a dry product for reconstitution with water or other 
suitable vehicle before use. Such liquid preparations may contain conventional additives 
such as suspending agents, for example sorbitol, syrup, methyl cellulose, gelatin, 
hydroxyethylcellulose, carboxymethylcellulose, aluminium stearate gel, hydroge'nated 
edible fats; emulsifying agents, for example lecithin, sorbitan monooleate, or acacia; 
non-aqueous vehicles (which may include edible oils ), for example almond oil, 
fractionated coconut oil, oily esters such as esters of^l^irTeTpTo^lel^ly^lT^r^hyr 
alcohol; preservatives, for example methyl or propyl p-hydroxybenzoate or sorbi'c acid; 
and if desired conventional flavouring or colouring agents. 

For parenteral administration, fluid unit dosage forms are prepared utilizing the 
compound and a sterile vehicle, and, depending on the concentration used, can be either 
suspended or dissolved in the vehicle. In preparing solutions the compound can be 
dissolved in water for injection and filter sterilized before filling into a suitable vial or 
ampoule and sealing. Advantageously, adjuvants such as a local anaesthetic, a 
preservative and buffering agents can be dissolved in the vehicle. To enhance the 
stability, the composition can be frozen after filling into the vial and the water removed 
under vacuum. Parenteral suspensions are prepared in substantially the same manner, 
except that the compound is suspended in the vehicle instead of being dissolved, and' 
sterilization cannot be accomplished by filtration. The compound can be sterilized by 
exposure to ethylene oxide before suspending in the sterile vehicle. Advantageously, a 
surfactant or wetting agent is included in the composition to facilitate uniform 
distribution of the compound. 

The formulations mentioned herein are carried out using statndard 
methods such as those described or referred to in reference texts such as the British and 
US Pharmacopoeias, Remington's Pharmaceutical Sciences (Mack Publishing Co.), 
Martindale The Extra Pharmacopoeia (London, The Pharmaceutical Press) or the above 
mentioned publications. 

Suitable methods for preparing and suitable unit dosages for the additional 
medicament agent, such as the antidiabetic agent mentioned herein include those methods 
and dosages described or referred to in the above mentioned reference texts. 
GSK-3 Assays 

Types of GSK-3 assay used to test the compounds of the invention include the following: 

Type 1: The GSK-3 specific peptide used in this assay was derived from the 
phosphorylation site of glycogen synthase and its sequence is- 

YRRAAVPPSPSLSRHSSPHQ(S)EDEEE. (S) is pre-phosphorylated as is glycogen 
synthase in vivo and the three consensus sites for GSK-3 specific phosphorylation are 
underlined. The buffer used to make up the glycogen synthase peptide and [^ 33 P] ATP 
consisted of MOPS 25mM, EDTA 0.2mM, MgAcetate lOmM, Tween-20 0.01% and 
mercaptoethanol 7.5mM at pH 7.00. 
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The compounds were dissolved in dimethyl sulphoxide (DMSO) to a final 
concentration of lOOmM. Various concentrations were made up in DMSO and mixed 

the above section along with rabbit or human GSK-3a and GbK. 3p tfin 
0.5U/ml enzyme). The reactions were initiated with the addition of [J- 
(500cpm/pmole) spiked into a mixture of ATP (find ccm^uo* of ^lOuM) ^ After 30 
L at room temperature the reaction was terminated by the addition 
0 01% Tween-20 (2.5%). A volume (lOuJ) of the mixture was spotted onto P-30 
phosphocellulose paper (Wallac & Berthold, EG&G Instruments Ltd, Milton Keynes^ 
The paper was washed four times in H 3 P0 4 (0.5%), 2 mins for each wash, air dried and 
the radioactive phosphate incorporated into the synthetic glycogen synthase peptide 
JwLcl-binds to meP 30-phosphocellu^ 

SCintiUat S Data: Values for IC50 for each inhibitor were calculated by fitting a 
four-parameter logistic curve to the model : cpm=lower + (u PP er-lower) /(l + 

(C ~":f S^ocol is based on the ability of the kinase to phosphorylate a 
biotinylated 26 ', m peptide, sequence of which ^^S^^S 
glycogen synthase and its sequence is Biot- YR ^ AVPP ^ S ^ S ^^^ ' 
with (S) is a pre-phosphorylated serine as is glycogen synthase m vivo and the three 
Tonsensus sites for GSK^specific phosphorylation are underlined. The phosphorylated 
b"t ny peptide is then captured onto streptavidin coated SPA beads (Amersham 
Technology) where the signal from the 33P is amplified via the scintillant contained in 

1116 ^e kinase was assayed at a concentration of 10 nM final in 25 mM MOPS buffer, 
pH 7 0 containing 0.01% Tween-20, 7.5 mM 2-mercaptoethanol, 10 mM Magnesium 
fetafe a^d 10 uM [ Y - 33 P]-ATP. After 60 minutes incubation at room temperature, the 
reacts was stopped by addition of 50 mM EDTA solution ^^^^c 
coated SPA beads to give a final 0.5 mgs of beads per assay well in a 384 microliter plate 

f0miat ' 10 mM stock solutions of the compounds of the invention in 100% DMSO are 
generated as a first step in the screening process. The second step involves the creation of 
dose response plates where these compounds are diluted across the plate where the final 
fow Sgh concentrations are to be 0.008 and 10 uM final in the kinase assay. The 
tod'tep involves the creation of the assay plates. This is achieved by transferring the 

contour *»» f ™ 96 doSe reS * 0nSe plateS * ^ T t ST 

Robolab system. The fourth step is to perform the assay as described and count the 

resulting plates in the Trilux (Wallac 1450 microbeta liquid scintillation and 
SSToounlcr). The final step is data acquisition and analysis where IC 50 values 
r g enerated for each compound in duplicate by fitting a four paramet ^™ - 
the model : cpm = lower + (upper-lower) / (1 + (concentration / IC 50 ) ) m a batch 



^^The most potent compounds of the present invention show IC50 values in the 
range of from between 10 to 100 nM. 
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No adverse lexicological effects are expected for the compounds of the invention 
when administered in accordance with the invention. 

The following Examples illustrate the invention, but do not limit it in any way. 
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Example 1 , _ , 

3.(3.Bro m ophenylamino)-4.(4-chlorophenyl).lH-p y rrole-2,5.d,one 

A solution of 3-bromoaniline (2.27 mL, 0.020 mol) and 3-chloro-4-(4- 
chlorophenyl)-lH-pyrrole-2,5-dione (2.02 g, 0.0083 mol; prepared by analogy 
"ZLs described in WO97/34890 and Wiley, R.H. and Slaymaker, S.C. 
J Am Chem. Soc. (80) 1385 (1958)) in methanol (50 mL) was heated at reflux 
for 40 hours, cooled and concentrated. The residue was f™?™**^™ 
hydrochloric acid (1M, 200 mL) and extracted with ethyl acetate (3 x 200 mL). 
The combined organic solutions were washed with water and brme, dried with 
magnesium sulphate, evaporated and the residue chromatographed on silica . gel 
using dichloromethane-diethyl ether (gradient from 100:0 to 95:5 v/v) as eluent to 
afford the title compound as a solid. 

1 H NMR (DMSO-d 6 ): 66.70-7.30 (8H, m), 89.65 (1H, br), 810.90 (lH. br). 
MS (APCI +ve): [M + H] + at m/z 377/379/381 (Ci 6 H 10 BrClN2O2 requires 
[M+H] + at m/z 377/379/381). 

Ex simple 2 

3.(4.Benzoylphenylamino).4.(4-chlorophenyl)-lH.pyrrole-2,5.dione 

A sealed tube (comprising threaded glass tube with resealable cap) conta.nmg a 
mixture of 4-aminobenzophenone (0.147 g, 0.75 mmol), 3-chloro-4-(4- 
chlorophenyl)-lH-pyrrole-2,5-dione (0.061 g, 0.25 mmol) and 
pyrrolidinone (0.5 mL) was irradiated in a microwave reactor for 12 minu es at 
1 00 Watts The mixture was diluted with aqueous hydrochlonc acid (5 mL) and 
extracted with ethyl acetate (2 x 5 mL). The combined organic solutions were 
evaporated and the residue chromatographed on silica gel using dichloromethane 
as eluent to afford the title compound as a solid. 

1 H NMR (DMSO-d 6 ): 86.85 (2H, d), 87.00 (2H, d), 87.25 (2H, d), 87.35 (2H, d), 
87.50-7.70 (5H, m), 89.95 (1H, s), 810.95 (1H, s) 

MS (APCI -ve): [M]-. at m/z 402/404 (C23H15CIN2O3 requires [M]". at m/z 
402/404) 

3-M P romo.4- m ethylphenylamino)-4.(3-m 

A mixture of 3-bromo-4-methylaniline (0.220 g, 1.18 mmol), 3-chloro-4-(3- 
nitrophenyl)-lH-pyrrole-2,5-dione (0.100 g, 0.40 mmol) and l-methyl-2- 
py^olidinone (1.0 mL) was heated in an oil bath at 200°C for 51 minutes. The 
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mixture was diluted with aqueous hydrochloric acid (5 mL) and extracted with 
ethyl acetate (5 mL). The combined organic solutions were evaporated and the 
residue chromatographed on silica gel using dichloromethane as eluent to afford 
the title compound, a solid, following trituration with dichloromethane-hexane 
(90:10 v/v). 

lH NMR (CDC1 3 ): 82.24 (3H, s), 56.65-7.70 (7H, m, reduces to 5H on DoO 
exchange) and 88.05 (2H, m). 

M^POr-yeM^-^tjr^^^ es 

400/402). 



Example 4 

3.(4.MethyIpheny]amino)-4-(4.hydroxyphenyl).lH.pyrroIe.2,5.dione 

A mixture of 3-hydroxy-4-(4-hydroxyphenyl)-lH-pyrrole-2,5-dione (103 mg 
0.5 mmol) and 4-methylaniline (59 mg, 0.55 mmol) in l-methyl-2-pyrrolidinone 
(lmL) was heated in a sealed tube at 150°C for 24hours. The reaction mixture 
was dissolved in ethyl acetate(20 mL) and washed with IN HC1 (2 x 20 mL) 
water (3 x 20 mL) and brine (20 mL). The solution was dried over magnesium 
sulphate, evaporated and the residue chromatographed on silica gel using 
dichloromethane-diethyl ether (gradient from 100:0 to 90:10 v/v) as eluent to 
afford the title compound as a solid. 

hi NMR (DMSO-d 6 ): 82.35 (3H, s), 86.50 (2H, d), 56.64 (2H, d), 86.77 (2H d) 
86.90 (2H, d), 89.26 (1H, br), 89.44 (1H, br), 810.64 (1H, br). 

MS (APCI +ve): [M+H]+ at m/z 295 (C 17 H 14 N 2 03 requires [M+H]+ at m/z 

295). 

Example 5 

3-(N-Methyl-N.pheny]amino).4-(indol.3.yl).lH.pyrrole-2,5-dione. 

A mixture of 3-(N-methyl-N-phenylamino)-4-(indol-3-yl)-l -methyl- lH-pyrrole- 
2,5-dione (Table B, Example Bl; 2.00 g, 0.006 mol), aqueous potassium 
hydroxide solution (10% w/v, 2 L), ethanol (50 mL) and H-butanol (200 mL) was 
heated at reflux for 5 hours. The cooled reaction mixture was filtered and the 
filtrate acidified to pH 1 by addition of cone, hydrochloric acid. The mixture was 
cooled to 0°C and the resulting solid filtered, washed with water and recrystallised 
from acetonitrile to give the corresponding maleic anhydride. This anhydride 
(0.4 g, 1.25 mmol) was suspended in a mixture of concentrated aqueous 
ammonium hydroxide and DMF and heated in stainless steel bomb at 130°C for 4 
hours. The resulting mixture was diluted with water and extracted with 



-16- 



P32271 



dichloromethane and the dried organic solution evaporated to give a sohd. This 
was chromatographed on silica gel using a gradient of 0-5% (v/v) of methanol in 
dichloromethane as eluent to afford the tide compound, a solid. 

1H NMR (DMSOd 6 ): 63.07 (3H, s), 66.75-7.45 (9H, m), 67.68 (1H, s), 810.70 
(1H br) and 81 1.70 (1H, br). 

MS (APCI +ve): [M+H]+ at m/z 318 (C19H15N3O2 requires [M+H]+ at m/z 
318). 

Further elution of the chromatography column afforded 3-amino-4-(indol-3-yl)- 
lH-pyrrole-2,5-dione (Table B, Example B2) as a byproduct. 

Example 6 

3-(Indan-5-ylamino)-4-(3-aminophenyl)-lH-pyrrole.2,5-dione 

3-(Indan-5-ylamino)-4-(3-nitro P henyl)-lH-pyrrole-2,5-dione (Table A, Example 
A359- 0 3 g 0.9 mmol) and 10% Pd/C (60 mg) in ethanol (25 mL) was 
hydrogenated at atmospheric temperature and pressure for 2 hours. The reactxon 
rnixture was filtered through Kieselguhr and the filtrate concentrated m vacuo to 
give an orange solid. The crude product was taken up in dichloromethane (10 
rnL) and treated with di-tert-butyl dicarbonate (0.216 g, 1 mmol) and the mixture 
stirred at ambient temperature for 18 hours. The reaction mixture was poured into 
saturated aqueous sodium bicarbonate (10 mL) and extracted into 
dichloromethane (3x10 mL). The combined organics were washed wrth bnne 
dried over anhydrous sodium sulfate and concentrated in vacuo. Chromatography 
on silica gel using dichloromethane-methanol gave the product amine as an 
orange powder. 

1 H NMR (DMSO-d 6 ): 61.85 (2H, quintet), 82.50 ^ GH J) , 84 82 
(2H, s), 85.89 (1H, d), 86.36 (2H, m), 86.47 (1H, s), 86.25 (2H, m), 66.85 (1H, d), 
89.13 (lH,br) and 810.58 (lH.br). 

MS (APCI +ve): [M+H]+ at m/z 320 (C19H17N3O2 requires [M+H]+ at m/z 
320) 

Example 7 . 
3.andan.5.ylamino).4.(3-acetylaminophenyl).lH.pyrrole-2 ^5 -dione 

3-(Indan-5-ylamino)-4-(3-nitrophenyl)-lH-pyrrole-2,5-dione (Table A, Example 
A359- 0 3 g 0.9 mmol) and 10% Pd/C (60 mg) in ethanol (25 mL) was 
hydrogenated at atmospheric temperature and pressure for 2 hours. The reaction 
mixture was filtered through Kieselguhr and the filtrate concentrated in vacuo to 
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give an orange solid. The crude product was taken up in dichloromethane (5 mL) 
and treated with acetic anhydride (85 uL, 0.9 mmol) and stirred for 3 hours at 
ambient temperature. The reaction mixture was poured onto saturated aqueous 
sodium bicarbonate solution (10 mL) and extracted into ethyl acetate (3x10 mL). 
The combined organics were washed with brine, dried over anhydrous- sodium 
sulfate and concentrated in vacuo. Chromatography on silica gel using 
dichloromethane-methanol gave the desired compound as an orange powder. 

iHNMR (m^-d6)l$im2M±.qmM)^2 02 (3H, sX 82.45 (2H, t), 82.66 (2H 
t), 86.41 (2H, m), 86.59 (1H, d), 86.84 (2H, d), 86.90 (lH,~t), 87.38 (1H d)~89 30 
(1H, bs), 89.68 (1H, s) and 810.61 (1H, bs)] 

MS (APCI -ve): [M-H]~ at m/z 360 (C2iH 19 N 3 03 requires [M-H]- at m/z 360). 
Example 8 

3-(Indan-5-ylamino)-4.[3-[(3-fluoropheny]aminocarbonyl)amino]phenyl].lH- 
pyrro!e-2,5-dione 

3-(Indan-5-ylamino)-4-(3-aminophenyl)-lH-pyrrole-2,5-dione (Table A, Example 
A599; 0.08 g, 0.3 mmol) in dichloromethane (10 mL) was was treated with 
3-fluorophenyl isocyanate (0.038mg, 0.3 mmol). The mixture was shaken on an 
orbital shaker for 72 hours. Saturated aqueous sodium bicarbonate (5 mL) was 
added, shaking continued for 5 minutes and the organic layer transferred directly 
onto a column of silica gel. Elution with dichloromethane gave the product as a 
yellow solid. 

lH NMR (DMSO-d 6 ): 81.78 (2H, quintet), 82.44 (2H, t), 82.62 (2H, t), 86.47 
(2H, m), 86.61 (1H, dd), 86.83 (2H, m), 86.93 (2H, m), 87.09 (1H, dd),' 87.28 (2H 
m), 87.45 (1H, dd), 88.42 (1H, br), 88.72 (1H, br), 89.30 (1H, br) and 810.65 (1H ' 
br). 

MS (APCI -ve) [M]" at m/z 456 (C26H21FN4O3 requires [M]- at m/z 456). 
Example 9 

3.andan.5-ylamino)-4.[3.(benzoylamino)phenyl].lH-pyrrole-2,5.dione 

3-(5-Indan-5-ylamino)-4-(3-aminopheny])-lH-pyrrole-2,5-dione (Table A 
Example A599; 0. 100 g, 0.3 mmol) in dichloromethane (3 mL) was added'to a 
solution of benzoic acid (0.042 g, 0.33 mmol), 1-hydroxybenzotriazole (0.047 g, 
0.33 mmol) and l-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride' 
(0.063 g, 0.33 mmol in dichloromethane (5 mL). The mixture was shaken on an 
orbital shaker for 72 hours. Saturated aqueous sodium bicarbonate (5 mL) was 
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added shaking continued for 5 minutes and the organic layer transferred directly 
onto a column of silica gel. Elution with dichloromethane gave the product as a 
yellow solid. 

lH NMR (DMSO-d 6 ): 51.83 (2H, quintet), 52.43 (2H, t), 52.57 (2H, t), 56.42 
(1H, s), 66.30 (2H, m), 66.83 (1H, d), 67.02 (1H, t), 87.22 (1H, s), 87.56 (4H, m), 
57 86 (2H, dd), 89.38 (1H, br), 59.98 (1H, br) and 510.68 (1H, bs). 
MS (APCI -ve): [M-H]' at m/z 422 (C26H21N3O3 requires [M-H]- at m/z 422) 

Example 10 

3-[4.(2-Aminoethyl)phenylamino]-4-(2-methoxyphen y l)-lH-pyrrole-2,5-dione 

A solution of 3-[4-[2-(f-butoxycarbonylamino)ethyl]phenylamino]-4-(2- 
methoxyphenyl)-lH-pyrrole-2,5-dione (0.060 g, 0.13 mmol) and trifluoroacetic 
acid (4 drops) in dry DCM (5 mL) was stirred for 18 hours at room temperature. 
The suspension was diluted with ethyl acetate (10 mL), poured onto sodium 
bicarbonate (20 mL) and extracted with ethyl acetate (3 x 10 mL). The combined 
organic solutions were washed with brine, dried with magnesium sulfate, 
evaporated and the residue triturated with a mixture of hexane-dichloromethane 
(95:5 v/v) to afford the title compound as an orange solid. 

lH NMR (CDCI3); 61.52 (2H, br), 82.59 (2H, t), 52.83 (2H, t), 83.16 (3H, s), 
56.44 (1H, d), 66.58 (2H, d), 56.79 (2H,d), 66.97-6.93 (1H, m), 57.22-7.17 (3H, 
m) and 67.33 (1H, d). 

MS (APCI +ve): [M+H]+ at m/z 338 (C19H19N3O3 requires [M+H]+ at 338). 
Example 11 

3.(3-Fluoro-4-methylphenylamino)-4-[4-(methoxycarbonyl)phenyl]-lH- 
pyrrole-2,5-di6ne 

A mixture of 3-(3-Fluoro-4-methylphenyl-amino)-4-(4-iodophenyl)-lH-pyrrole- 
2 5-dione (Example A705, 126 mg, 0.3 mmol), tetrakis(triphenyl phosphine)- 
palladium(O) (35 mg, 0.03 mmol) and methanol (10 mL) was placed in a 50mL 
two necked round bottomed flask. One arm of the flask was sealed with a septum 
and to the other arm was fitted a reflux condenser, topped with a multiway tap 
connected respectively to vacuum, a carbon monoxide cylinder and to a balloon. 
Using the multiway tap, the flask was alternately evacuated and flushed with 
carbon monoxide, and the process repeated several times to unsure an atmosphere 
of carbon monoxide within the flask. The balloon was charged with carbon 
monoxide and this was then opened to the reaction flask for the duration of the 
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reaction in order to maintain a slight positive pressure of carbon monoxide within 
the flask. Triethylamine (100 uL, 0.7 mmol) was added and the mixture heated at 
reflux for 16 hours. The mixture was cooled and diluted with ethyl acetate and the 
resulting solution washed with aqueous hydrochloric acid (1M, 50 mL), water (50 
mL) and brine (50 mL). The organic solution was dried over magnesium sulphate 
and evaporated to afford a solid. This was chromatographed on silica gel using 
dichloromethane-ether (98:2 v/v) as eluent to afford the title compound, a solid. 

lH NMR (CDC1 3 ); 82.14 <3H, s), 83.90 (3H, s), 86.35-7.30 (7H, m) and 87.82 
(2H,m). 

MS (APCI +ve): [M+H]+ at m/z 355 (Ci 9 H 15 FN 2 04 requires [M+HJ+ at 355). 
Example 12 

3-[4-[2-[N-[6-(AcetyIamino)hexyI]aminocarbonyI]ethyI]phenylamino]-4-(3- 
nitrophenyI)-lH-pyrrole-2,5-dione 

A solution of triethylamine (81 mg, 0.8 mmol) in dry N, N-dimethylformamide (5 
mL) was added to a mixture of 3-[4-[2-(hydroxycarbonyl)ethyl]phenylamino]-4- 
(3-nitrophenyl)-lH-pyrrole-2,5-dione (Example A763, 152 mg, 0.4 mmol), N-(6- 
aminohexyl)acetamide hydrochloride (78 mg, 0.4 mmol), l-(3-dimethylamino- 
propyl)-3-ethylcarbodiimide hydrochloride (77 mg, 0.4 mmol) and 1- 
hydroxybenzotriazole (54 mg, 0.4 mmol) and the resulting mixture stirred at room 
temperature for 18 hours. The mixture was diluted with ethyl acetate (25 mL) and 
washed successively with water (2 x 25 mL), saturated aqueous sodium 
bicarbonate solution (25 mL), water (2 x 25 mL), brine (25 mL), dried over 
magnesium sulphate and concentrated. The residue was redissolved in 
dichloromethane-methanol (1:1 v/v), filtered and evaporated to afford the title 
compound as a foam. 

lH NMR (DMSO-d 6 ); 81. 10-1.40 (8H, m), 81.77 (3H, s), 82.15 (2H, m), 82.55 
(2H, m), 83.00 (4H, m), 86.62 (2H, d), 86.77 (2H, d), 87.20-7.90 (6H, m), 89.80 
(1H, br) and 810.85 (1H, br). 

MS (APCI +ve): [M+H]+ at m/z 522 (C 2 7H 31 N 5 0 6 requires [M+H]+ at 522). 
Example 13 

3-[4-(rrans-2-carboxyethenyl)phenyIamino]-4-(4-chlorophenyl)-lH-pyrrole- 
2,5-dione 

A mixture of /ra/w-4-aminocinnamic acid (0.205 g, 1.26 mmol), 3-chloro-4-(4- 
chlorophenyl)-lH-pyrrole-2,5-dione (0.123 g, 0.51 mmol) and l-methyl-2- 
pyrrolidinone (1.0 mL) was heated in a sealed tube in a hotblock set at 69°C for 
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28 5 hours The mixture was diluted with aqueous hydrochloric acid (10 mL) and 
extracted with ethyl acetate (2x20 mL). The combined organics were washed with 
brine (2x10 mL), dried over anhydrous magnesium sulphate and evaporated to 
dryness. The residue was triturated with a mixture of dichloromethane and ethyl 
acetate to afford the title compound as a solid. 

lH NMR (DMSO-d 6 ): 86.35 (1H, d), 6.74 (2H, d), 6.99 (2H, d), 7.19(2H, d), 7.35 

(2H, d), 7.42 (1H, d), 9.76 (1H, br), 10.89(1H, br) and 812.23 (1H, br). 

MS (APCI +ve): [M+H]+ at m/z 369/371 (C19H13N2O4 requires [M+H]+ at m/z 

369/371). 

Example 14 

3.[4-(frwiw-2-carbamoylethenyl)phenylamino]-4-(4-chlorophenyI)-lll- 
pyrrole-2,5-dione 

3-[4-[rra«5-2-(ethoxycarbonyl)ethenyl]phenylamino)-4-(4-chlorophenyl)-lH- 
pyrrole-2,5-dione (50mg, 0.126mmol) was dissolved in 2N methanolic ammonia 
(5ml) and allowed to stand at room temp for 12days. Aqueous ammonia (d 0.88, 
5ml) was added and the solution stood at room temp for a further 8days. The 
mixture was evaporated to dryness and the residue triturated with methanol then 
ether to give the title compound as a solid. 

1H NMR (DMSO-d 6 ): 810.75(1H, br), 89.7 (1H, br), 87.44 (1H, br), 87.2 (5H, 
m), 87.2 (3H, m), 86.74 (2H, d), 86.41 (1H, d). 

MS (APCI +ve): [M+H]+ at m/z 368/370 (C19H14CIN3O3 requires [M+H]+ at 
m/z 368/370). 



Example 15 

3-andol-l-yl)-4-(3-nitrophenyl)-lH-pyrrole-2,5-dione 

Sodium hydride (60% dispersion in mineral oil, 30 mg, 0.75 mmol) was added to 
a solution of indole (88 mg, 0.75 mmol) in THF (2 mL) at room temperature. The 
mixture was stirred for 30 minutes prior to the addition of a solution of \-{tert- 
butyldimethylsilyl)-3-chloro-4-(3-nitrophenyl)-lH-pyrrole-2,5-dione (Procedure 

method 1, 180 mg, 0.5 mmol) in THF (1 mL). The mixture was stirred for 45 
minutes then diluted with ethyl acetate (80 mL), washed with dilute hydrochloric 
acid (20 mL), dried (MgS0 4 ) and concentrated. The residue was 
chromatographed on silica gel using a gradient of hexane-ethyl acetate to afford 
the title compound, a solid. 
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*H NMR (CD3OD); 86.42 (1H, d), 6.77 (1H, d), 6.82 (1H, t), 7.00-7.60 (5H m) 
and 8.05-8.25 (2H, m). 

MS (APCI +ve): [M+H] + at m/z 334 (C 18 Hi ^304 requires [M+H]+ at 334). 
Example 16 

3-Amino-4-(3-nitrophenyI)-lH-pyrrole-2,5-dione 

3-chloro-4-(3-nitrophenyl)-lH-pyrrole-2,5-dione (1.0 g, 4 mmol) was suspended 
in a mixture of ethanol (20 mL) and aqueous 880 ammonia (5 mL) and the 
_ ™ x l u £. e h eatedm 80^ whjlst aminor^ gas was b ubbled th roughjhe mixture for 
4 hours. The mixture was cooled and concentrated and the residue ~ " 
chromatographed on silica gel using hexane-ethyl acetate (gradient from 1:1 v/v) 
as eluent to afford the title compound as a solid. 

lH NMR (CD3COCD3); 56.77 (2H, br), 7.60 (1H, t), 8.04 (2H, m), 8.50 (1H t) 
and 9.33 (1H, br). 

MS (APCI +ve): [M+H] + at m/z 234 (C l0 H 7 N 3 O 4 requires [M+HJ+ at 234). 
Example 17 

3-[4-[2-methoxyethylaminocarbonylmethylthio]phenylamino]-4-(4. 
chlorophenyI)-lH-pyrrole-2,5-dione 

A solution of 2-methoxyethylamine in THF (0.32M, 1 mL) was added to a 
mixture of 3-[4-(carboxymethylthio)phenylamino]-4-(4-chlorophenyl)- 1H- 
pyrrole-2,5-dione (Example A941, 1 17 mg, 0.3 mmol), l-(3-dimethylamino- 
propyl)-3-ethylcarbodiimide hydrochloride (57 mg, 0.3 mmol) and 1- 
hydroxybenzotriazole (40 mg, 0.3 mmol) in dry THF (1 mL). The resulting 
solution was stirred at room temperature for 57 hours, then diluted with ethyl 
acetate (50 mL) and washed with dilute hydrochloric acid (1M, 50 ml), water (50 
mL) and brine (50 mL), dried over magnesium sulphate and evaporated. The 
resulting gum was chromatographed on silica gel using dichloromethane-methanol 
(98:2 v/v) as eluent to afford the title compound, a solid. 

lH NMR (DMSO-d 6 ) d 3.20 (3H, s), 3.21 (2H, m), 3.25 (2H, t), 3.50 (2H s) 
6.60-7.20 (8H, m), 8.10 (1H, t, exchanges with D 2 0), 9.65 (1H, br, exchanges 
with D 2 0) and 10.82 (1H, br, exchanges with D 2 0). 

MS (APCI+ve) [M+H]+ at m/z 446/448. C21H20CIN3O4S requires [M+H1+ at 
m/z 446/448. 

Example 18 

3-(2-Methoxyethylamino)-4-(4-iodophenyl)-lH-pyrrole-2,5-dione 
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AsolutionofS^S-nuorc^-methylphenylaminoM-C^iodophenylJ-lH-py^le- 
2 5 dione (Example A705, 126 mg, 0.3 mmol) and 2-metinoxyeAylanune 02 mL, 
2 3 mmol) in DMF (2 mL) was stirred at room temperature for 113 hours ten 
oi u^with hydrochloric acid (0.5M, 50 mL) and extracted wtth ethyl acetate (50 
nT The ethyl acetate solution was washed with water (2 x 50 mi) and bnne (50 
mU dried over magnesium sulphate and evaporated. The residue was 
c^maCphed on silica ge! using dicUoromethane-diethyl ether (99:1 v/v) as 
eluent to afford the title compound, a solid. 

1H NMR (CDCI3): 325 (2H, m), 3.35 (3H, s), ^«*^^*^ 7W 
exchanges with D 2 0), 6.95 (1H, br, exchanges with D 2 0), 7.05 (2H, d) and 7.70 

Ms'(S>CI + ve) [M + H]+ at m/z 373. C 13 H 13 IN 2 03 requires [M+H]+ at m/z 373. 

Example 19 iH-Dvrrol-3-yllpyridinium chloride 

3.Amino.l44K4.chlorophenyl)-2,5.dioxo-lH.pyrroiyijpy 

A mixture of 3-chloro-4-(4-chlorophenyl)-lH-pyrrole-2 f *one ( 0C > «^ 
nuTl) and 3-aminopyridine (42.7 mg, 0.45 mmol) in dry THF (2^5 mL) was 
Zted at 50°C for 2 hours then stirred at room temperature overn ght. The 
Sng suspension was filtered and the solid washed with dicWoromethane (20 
mL), then hexane (10 mL) to give the title compound as a sohd. 

'H NMR (DMSO): 67.07 (2H,br), 87.43 (2H,d), 87.61 (2H,d), 87.93-7.81 (2H,m), 

(C 15 H„N 3 0 2 C1 requires t M + H 1+ at m/z 

301/303) 

Triethylamine (1 . 1 mL, 8 mmol) was added to a stirred suspension of ten- 
brylchlorodimethylsilane (0.66 g, 4.4 mmol) and 3-chloro-4- (3-nitrophenyl)-lH- 
nvrrole-2 5-dione (1.0 g, 4 mmol) in dichloromethane (15 mL) at room 
femplramre The mixture was stirred overnight then chromatographed directly on 
silica gel using a hexane-acetone gradient to afford the title compound. 

1 H NMR (CDC1 3 ); 80.51 (6H, s), 0.98 (9H, s), 7.70 (1H, t), 8.27 (2H, m) and 8.80 

MS^CI -ve): [M-H] - at m/z 366/368 (C 16 H 19 ClN 2 04Si requires [M-H] " 
at 366/368). 
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The further examples described herein were prepared according to the methods 
disclosed herein, with particular reference to Examples 1 to 1 9 above. Examples 
1 to 19 themselves are shown as examples Al, A2, A3, A424, B3 A599 Fl F2 
F6, A702, A110, A772, A832, A833, D19, B25, A968, B28 and 13 respectively in 
TablesA,B,D,FandI. * 

The following tables of examples illustrate the invention, but do not limit it in anv 
way. J 
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